Using the QCD spectral sum rule approach we investigate different currents with J PC = 1 ++ , which could be associated with the X(3872) meson. Our results indicate that, with a four-quark or molecular structure, it is very difficult to explain the narrow width of the state unless the quarks have a special color configuration.
Introduction
In the last years, several new observations on hadron states came from a variety of facilities. These include, in particular, low-lying excitations of the charmonium states, like the X(3872) [1] , the Y(4260) [2] , the Y(3940) [3] the Z(3930) [4] the X((3940) [5] and many others with higher masses. Among these new hadron states, some of them are good candidates for exotic structures like: hybrid mesons, four-quark states, cusp, glueball or meson-meson molecules [6] . In this work we use QCD spectral sum rules (QSSR/QCDSR) (the Borel/Laplace Sum Rules [7] [8] [9] ) to study the twopoint functions of the axial vector meson, X(3872), assumed to be a four-quark state. Experimental information about the X(3872) and previous uses of the QCDSR to study the X(3872) meson can be found in [10] .
The idea of mesons as four-quark states is not new. Indeed, even Gell-Mann in his first work about quarks had mentioned that mesons could be made out of (qq), (), ... [11] . The well known example of applying the idea of four-quark states for mesons is for the light scalar mesons (the isoscalars σ(500), f 0 (980), the isodublet κ(800) and the isovector a 0 (980)) [12, 13] . In the four-quark scenario, mesons can be considered as states of diquark-antidiquark pairs, or molecular (twomeson) bound states. The idea of diquarks is almost as old as QCD [14] and have been the subject of intense study by many theorists [15] . As pointed out in [16] , diquarks can form bound states, which can be used as * Speaker
Email addresses: snarison@yahoo.fr (Stephan Narison), navarra@if.usp.br (Fernando S. Navarra), mnielsen@if.usp.br (Marina Nielsen) degrees of freedom in parallel with quarks themselves. For a diquark-antidiquark state, the color singlet can be obtained with the diquark-antidiquark pairs in a3 − 3 or 6 −6 color configuration. In previous calculations some of us have considered the X(3872) as being a tetraquark state in the3−3 color configuration [17] and in a molecular D * D configuration [18] . The currents used in these studies were
for the tetraquark state in the3 − 3 color configuration and
for the molecular D * D configuration. In the above equations a, b, c, ... are color indices, C is the charge conjugation matrix and q denotes a u or d quark.
The results obtained with these two currents are very similar and the deviations between the two QCDSR results in the allowed Borel window are smaller than 0.01% [10] .
Another possible current with J PC = 1 ++ and the diquark-antidiquark in the color sextet configuration is
where λ S stands for the six symmetric Gell-Mann ma-
In the QCDSR approach, the mass of the particle can be determined by considering the two-point correlation function
In the phenomenological side, Eq. (4) can be written as
for the X meson represented by the currents in Eqs. (1), (2) and (3). In Eq. (5), the dots denote higher resonance contributions that will be parametrized, as usual, through the introduction of the continuum threshold parameter t c , and where we have introduced the meson-current coupling, λ, through the parametrization 0| j q µ |X(q) = λǫ µ (q). In the OPE side, we work at leading order and consider condensates up to dimension six. We can write the correlation function in the OPE side in terms of a dispersion relation. Generically, we have
where the spectral density is given by the imaginary part of the correlation function:
. After making an inverse-Laplace (or Borel) transform on both sides, and transferring the continuum contribution to the OPE side, the sum rule can be written as
where N = 3, mol, 6 are related with the currents in Eqs. (1), (2) and (3) respectively, and the complete expressions for ρ (3) (s), ρ (mol) (s) and ρ (6) (s) are given in refs. [17] [18] [19] .
Using the QCDSR method, one usually estimates the hadron mass from the ratio
However, in this work, instead of evaluating the meson mass through Eq. (8), we will consider the double ratios (DR) of the sum rules (DRSR) [19] 
and
This quantity has the advantage to be less sensitive to the perturbative radiative corrections and continuum contributions than the single ratio in Eq. (8) . Therefore, we expect that our results obtained to leading order in α s will be quite accurate. Fixing √ t c = 4.15 GeV, the value obtained in ref. [17] , we show in Fig. 1 the τ-behaviour of r 6/3 (continuous line) and r mol/3 (dashed line), using the QCD parameters presented in Table 1 [19] . 
QCDSR Results

Parameters
Values
From Fig. 1 one can notice that the results are very stable against the τ-variation in a large range for τ ≤ 0.8 GeV −2 . We deduce
with a negligible error, which shows that, from a QCD spectral sum rules approach, the X(3872) can be equally described by the currents in Eqs. (1), (2) and (3). The problem with these three currents is that a QCDSR study of the decay width of the decays X → J/ψ + 3π and X → J/ψ + 2π [19, 20] , gives
which is too big compared with the data upper limit [1] Γ(X → all) ≤ 2.3 MeV .
The QCDSR study of the X − ψ − V couplings, where the 2π and 3π can be assumed to come from the vector mesons ρ and ω, is based on the three-point function (14) associated to the J/ψ-meson J In the case of the three X-currents (3 − 3, 6 − 6 tetraquarks and molecule) discussed above, the lowest order and lowest dimension contributing QCD diagrams are shown in Fig. 2 . As a matter of fact, a large partial decay width for the decay X → J/ψV should be expected in this case. The initial state already contains all the four quarks needed for the decay, and there is no selection rules prohibiting the decay. Therefore, the decay is super-allowed through the fall-apart mechanism represented by the diagrams in Fig. 2 . To avoid such fall-apart mechanism, the leading order contribution to the three-point function should be due to one gluon exchange, as shown in Fig. 3 . A possible current, for which the leading order contribution to the three-point function is due to one gluon exchange, as in Fig. 3 , is the λ-molecule J/ψ − π-like current
where λ a is the colour matrix. The corresponding spectral functions for this current are also given in Ref. [19] . In Fig. 4 , we show the ratio of the λ-molecule over the tetraquark 3 −3 one. 
Conclusions
In conclusion, we have studied the mass of the X(3872) using double ratios of sum rules. We found that the different proposed substructures (3 − 3 and 6 − 6 tetraquarks and molecules) lead to the same mass predictions within the accuracy of the method [see Eq. (11)], indicating that the predictions of the X meson mass is not sufficient for revealing its nature.
Among these different proposals, the only eventual possibility which can lead to a narrow width X(3872) is the choice of λ-molecule-J/ψ-like current given in Eq. (15) . If this is the case, then the tetraquarks and D − D ( * ) molecule states are in the range of 3910-4160 MeV and with broader widths. Some further tests of this proposal are welcome.
